Introduction
============

Multiple sclerosis (MS) as chronic and neurodegenerative diseases is well known for its immune-mediated nature. Recent epidemiological reports confirm that the incidence of MS has been raised up dramatically. Because of the progressive and disabling nature of MS many researchers focused on its etiology, physiopathology, epidemiology and therapy ([@R1]). There are few hypotheses regarding the etiology and pathophysiology of MS. One of the up-to-date hypotheses mainly focuses on immune-inflammatory mediated nature of the disease. Accordingly, the beginning and progression of disease is due to the imbalance between the pro-inflammatory and anti-inflammatory cytokines that are produced by Th1 and Th2 cells ([@R2]). The history of it dates back to the late 80s when there were growing evidences of the importance of the role of various type of IL in MS ([@R3]). Despite the autoimmune base of the beginning of the disease, the continuation is mainly neurodegenerative. Regarding the role of T cells and their production, it is shown that the myelin proteins including myelin basic protein (MBP), myelin proteolipid protein (PLP) and myelin-oligodendrocyte glycoprotein (MOG) are attacked and destroyed by them. The presence of the pro-inflammatory cytokines including TNF-α and IL-12 in MS plaques are confirmed by immunhistochemical studies ([@R4]). Th1 cells secrete pro-inflammatory cytokines such as interferon-g (IFN-γ), tumor necrosis factor-a (TNF-α) and the Th2 release cytokines such as interleukin-4 (IL-4), IL-5 and IL-13 which respectively activate macrophages to clear intracellular pathogens and aid in antibody class-switching and removal of extracellular infectious agents. Among he certain type of interleukins, IL-10, IL-4, IL-12 and TNF-α are seem to be more important in onset, severity and progression of MS. IL-10 not only inhibits the production of other cytokines, such as IL-1 and TNF-a, but also ceases the proliferation of T cells ([@R5]). IL-4 inhibits the activation of Th1 cells and acts as a suppressor cytokine in Experimental Autoimmune Encephalomyelitis (EAE). ([@R6]) IL-12, critical for the differentiation of Th1 cells, was found to be elevated immediately prior to the onset of disease in EAE rat model ([@R7]). TNF-α production is associated with a Th1 response and classically induces activation of a variety of cell types and expression of adhesion molecules, chemokines, and cytokines ([@R5]). Kuroda *et al* in 1991 reported that injections of TNF-a lead to significant prolongation of clinical EAE and more severe cellular infiltration in the spinal cord ([@R8]). However, surprisingly, TNF-α-deficient mice develop a more severe form of EAE characterized by significantly more inflammation and demyelination ([@R9]). Beside to the hypothesis of Th1/Th2 imbalance, the role of mitochondrial dysfunction and ROS (reactive oxygen species) and free radicals production that leads to inflammatory response also considered in pathogenesis of MS. Consequently, using antioxidant such as vitamin D3 to suppress or decrease the rate and severity of the disease has received more attention in recent decades ([@R10]). The important role of vitamin D3 has been showed by clinical evidence. Low circulating levels of vitamin D3 have been found in MS patients especially during relapses stage of the disease. There are also some studies emphasize on the relation between geographical location and MS incidence rates which may be the result of a populations decreased exposure to UV radiation ([@R11],[@R12]). Epidemiological studies show a lower MS incidence or mortality in temperate regions where vitamin D3 is abundant due to diets rich in fish oils, increased sun exposure, or high altitudes ([@R13]). Although the vitamin D3 hypothesis dates back to early 1970s, it got more important when it was shown that pharmacological doses of the functional metabolite of vitamin D3 can significantly reduce or eliminate the incidence of the disease in MS mouse EAE model ([@R14]). How vitamin D3 could be so effective is a question of two last decades, now we know that in addition to calcium homeostasis, vitamin D3 has strong immune modulating activity ([@R15]). It is shown that vitamin D3 mediates its function through a single vitamin D3 receptor (VDR) ([@R16]). In experimental studies daily administration of vitamin D3 before immunization prevents EAE from developing, while daily administration of the vitamin after the onset of the disease will only prevent disease progression ([@R17]). Although the role of VDR is well known, it seems that D3 also acts via other unknown mechanisms not solely through its receptors. Recently some mechanisms were suggested for the effectiveness of vitamin D3 in suppression or decrease the rate of progression of MS in animal model. In another study it is reported that adding vitamin D3 to the cultures of murine or human Peripheral blood mononuclear cell (PBMC), suppresses the release of typical Th1-type cytokines including IL-2, IFN-γ and TNF-α (18). Although the influence of vitamin D3 on expression and activity of certain types of interleukins has been reported by others, there is controversy regarding the relation between D3 administration and Th1/Th2 ratio in EAE model of MS. In order to answer how this ratio is affected by vitamin D3 administration the present research was designed.

Materials and Methods
=====================

Biological models
-----------------

Thirty 10-12 weeks adult female C57BL/6 mice (18-20 g; Pasteur Institute of Iran) were used. The animals were randomly divided into four groups (n=6) including EAE, EAE + vitamin D3, EAE+ sesame oil and control. All the procedures used in this study were approved by The Committee of Ethics in Animal Research of Iran University of Medical Sciences.

Induction of EAE
----------------

To induce EAE, the routine procedures introduced by others were used as follows: The animals were immunized with 1:1 ratio of MOG 35-55 (Alexis, Switzerland) dissolved in Complete Freund\'s Adjuvant (CFA) containing 0.4 mg of mycobacterium tuberculosis (Sigma-Aldrich, USA). For this purpose 300 µg of MOG dissolved in 100µl PBS and mixed with equal volume of CFA. On day 0, each animal received 200 µl, two single shot, of MOG-CFA emulsion subcutaneously into two sites of the upper flanks. The supplement immune adjuvant, pertussis toxin (PTX), (Sigma-Aldrich, USA) at the dose of 200 µl containing 400 ng of PTX, was injected IP immediately after MOG-CFA emulsion, the same injection repeated 48 hr later.

Clinical EAE score
------------------

To approve the onset and stage of progression of the disease the standard scoring system sited elsewhere was used. Based on this method of scaling: clinical signs of no symptoms, distal weak or spastic tail, completely paralyased tail plus hind limb weakness, unilateral partial hind limb paralysis, bilateral partial hind limb paralysis, complete bilateral hind-limb paralysis, complete hind limb and unilateral partial forelimb paralysis, moribund and dead equaled to 0, 0.5, 1, 1.5, 2.0, 2.5, 3.0, 3.5, 4 and 5 respectively.

Vitamin D3 administration
-------------------------

Thereafter the animal showed score 1, intraperitoneal injection of vitamin D3 at the dose of 5 mg/kg in 150 µl sesame oil was started and continued for 3 weeks. For the control animals only sesame oil was used in the same volume and method.

Tissue preparation
------------------

Perfusion and fixation by aldehyde solutions was done transcardially via left ventricle. Brains were removed and post-fixed in the same solution overnight. After that the brains were exposed to tissue processing and in turn paraffin embedding. By using rotatory microtome coronal sections of 4 µ were prepared. To study the myelination in certain part of the brain including corpus callosum, Luxol Fast Blue staining with Nissl contra staining was used. The total surface of demyelinated regions was calculated by version 4.6 Infinity Software. Based on allen mouse brain atlas, in a rostrocaudal pattern a total number of 20 cross sections of 4 µ of corpus callosum with interval of 150 µ per mouse were observed and studied. To calculate the ratio of demyelinated surface to myelinated area first the total area of corpus callosum was calculated by using special effects of software, with the same procedure the demyelinated area was also computed then the difference was presented in percentage. The total number of 20 cross-sections of corpus callosum was prepared and the mean of them were calculated.

Study of the level of cytokine
------------------------------

The animals were sacrificed by lethal dose of ketamine and xylazine. Brain tissue was removed and rapidly transferred to liquid nitrogen. To homogenize the tissue, a solution including (1x Lysis Buffer: 1x TBS, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, 0.004% sodium azide.) combine with 10 µl PMSF solution, 10 µl sodium orthovanadate solution and 10 20 µl protease inhibitor cocktail solution per ml of 1x RIPA lysis buffer were mixed to prepare complete RIPA ( Santa Cruze). Three ml of complete RIPA per gram of tissue brain homogenate was spun at 10,000× g for 10 min at 4°C and supernatants were collected and stored at -70°C. The concentration of IL-12, TNF-α, IL-4 and IL-10 in the supernatants of brain extraction, at 1:10 dilution in 1% BSA in phosphate buffered saline (PBS), was assayed in an ELISA set-up using commercially available antibodies according to the procedures supplied by the manufacturer (eBiosciences, Austral).

RNA extraction and RT-PCR
-------------------------

Animals were sacrificed by decapitation within a few seconds after being picked up from their home cage. Brain was removed using aseptic techniques, placed in sterile tubes and frozen on dry ice. Total RNA extraction was performed using RNX-plus (Cinnagen, Iran) according to the protocol. The RNA samples were re-suspended in 30 µl of nuclease-free water. The concentration and quantification of total RNA was measured with spectrophotometer, with the OD260/OD280 ratio of all RNA samples 1.9-2.0 and OD260/OD230 ratio up to 2. The first strand cDNA was synthesized with the First Strand cDNA Synthesis Kit (Bioneer kit, K-2101, Korea). For each reaction, 1 µg (1 µl) RNA was used for reverse transcription, in a mixture of 20 pmoles (1 µl) random primer, and 18 µl Diethylpyrocarbonate-Water (DEPC-W) with a final volume of 20 µl. The mixture was incubated at 15°C for 1 min, 50°C for 60 min, and heated at 95°C for 5 min to terminate the reaction. The cDNA was subsequently stored at -20°C. qPCR was performed with 1 µl of primer (10 pmole), 1 µl of template, 3 µl of DEPC.D.W and 5 µl mastermix (AccuPower^®^ 2X GreenStarTMqPCRmaster mix, Bioneer kit, Korea). All PCR reactions were performed in the following condition: initial 95°C for 15 min followed by 40 cycles at 95°C for 15 sec and 60°C for 30 sec. The PCR primers for each gene were shown in Table [1](#T1){ref-type="table"}. Each sample was tested in duplicated. The values were normalized against the housekeeping genes GAPDH (glyceraldehyde-3phosphatedehydrogenase). The CT-value is an important quantitative parameter in real-time PCR analysis. All RT-PCR reactions were carried out in triplicate and with no template control. The ∆CT of the controls was used as the calibrator. The fold change was calculated according to the formula 2 ^-(∆∆CT)^ , where ∆∆CT is the difference between ∆CT and the ∆CT calibrator value.

Statistical analysis
--------------------

By using SPSS 21 and statistical exams, data analyzed and presented as mean ± SD.

The result of the real time PCR was analyzed by two sided Student\'s t-test. *P*-value less than 0.05 were considered significant.

Results
=======

Scoring
-------

Loss of weight which was considered as one of the important markers for confirmation of model, significantly occurred in EAE induced animals comparing to control and sham vehicle. The maximum mean score for the EAE + vitamin D3 animals was significantly lower than the animals of EAE (*P*\< 0.05, 2.2±0.9, 1.4±0.41 respectively).

Histological study
------------------

EAE caused significant demyelination in certain area of the brain like corpus callosum. Comparing EAE group (42.56±37.12 %) with the animals of EAE+ vitamin D3 (21.40±8.92%) showed significant less demyelination in later group (Figure [1](#F1){ref-type="fig"}). For the animals received only sesame oil the result showed significantly less demyelination comparing with EAE and EAE + vitamin D3 (Figure [2](#F2){ref-type="fig"}).

Cytokine analysis
-----------------

Level of brain cytokines including IL-12, TNF-α (Th1)and IL-10, IL-4 (Th2) was measured on day 21 post-immunization. Level of TNF-α and IL-12 was higher but not significant in untreated group compared with the control animals (Figure [3](#F3){ref-type="fig"}). Our finding showed that vitamin D3 administration significantly decreased level of TNF-α comparing with untreated animal (*P*\<0.01) (Figure [3](#F3){ref-type="fig"}), this finding is the same for control animals (*P*\<0.05) (Figure [3](#F3){ref-type="fig"}). Conversely, elevated level of IL-10 was found in treated animals comparing with not treated (*P*\<0.001) and control ones (*P*\<0.05) (Figure [4](#F4){ref-type="fig"}). Regarding the level of IL-12 and IL-4, no significant difference was observed between untreated and control groups. Put these findings together showed that the ratio of Th1/Th2 in EAE animals was higher than sesame and vitamin D3 treated animals. Comparing to control the decrease ratio of Th1/Th2 might be the result of more expression of Th2 cytokines or less expression of Th1.

Cytokine gene expression
------------------------

Pro-inflammatory cytokines expression analyzed with REST software (Table [2](#T2){ref-type="table"}). IL-12 mRNA and TNF- α mRNA expression were increased remarkably in EAE model. Comparing control group, significant increase of IL-4 anti-inflammatory cytokines mRNA expression in EAE was found. Strong increasing expression of IL-10 mRNA did not occurred in EAE animals. However, a noticeable but not significant decline of IL-10 mRNA expression was seen in sesame and vitamin D3 treatment group. Compared to control group, IL-4 mRNA expression in sesame oil group was obviously higher. Regarding IL-4 mRNA expression, it was obviously expressed lower in EAE mice. Significant lower expression of TNF-α mRNA was also observed in the vitamin D3 and sesame oil (Figure [5](#F5){ref-type="fig"}).

Discussion
==========

Autoimmunity has major role in MS and most therapeutic strategies emphasize on using immunomodulatory and immunosuppressive agents. The role of interleukins studied in two aspects, some researchers mainly emphasized on certain interleukins such as IL-6, IL-10, IL-4, etc. and others mainly focused on the ratio of the interleukins produced by Th1 and Th2. We studied both aspects and showed that the ratio of Th1 to Th2 has been changed dramatically in animals with MS and also in vitamin D treated animals. The elevated serum level of Th1 cytokines such as IL-12 was reported by Kaplan *et al* Elevation of IFN-γ (Th1) and IL-4 (Th2) also showed in progressive MS ([@R19], [@R20]). Issazadeh *et al* ([@R7]) reported that the expression of IL-4 significantly decreased in EAE that is the same of what we found. IL-4 mRNA was undetectable until disease reduction in Swiss/Jackson Laboratory mice (SJL mice) immunized with PLP ([@R21]). Some recent studies showed that IL-4 has been implicated as a suppressor cytokine in EAE. Controversy about IL-4 still remains unsolved and our data showed unchanged level of IL-4 in EAE, although it increased not-significantly after treatment by vitamin D. However, little expression of IL-4 has been reported in other models of EAE according to Issazadeh *et al* ([@R7]). Regarding IL-10 that inhibits the production of IL-1 and TNF-α, there are enough evidences that IL-10 decreased in MS patients and EAE model ([@R7]). Cannella *et al* ([@R22]) showed that the administration of anti-IL-10 monoclonal antibody in murine EAE model increased the severity of disease. Comparing the role of IL-10 with IL-4 there are some reports that showed the severity of disease in C57BL/6 IL-10 deficient is more than in IL-4 deficient mice, Bettelli *et al* ([@R6]). The pro-inflammatory role of TNF-α and IL-12 is well known. Overexpression of TNF-α in transgenic mouse, lead to oligodendrocyte apoptosis and demyelination, the absence of that, might improve EAE, Akassoglou *et al* ([@R23]). Elevated serum of TNF-α have been reported in MS patients. Similar to what was reported by Zhou *et al* ([@R24]), the expression of IL-10 elevated during the course of MS; we also found the same result. Based on the literature, IL-10 is capable of inhibiting the synthesis of pro-inflammatory cytokines like IFN-γ, IL-2, IL-3, and TNFα made by cells such as macrophages and regulatory T-cells and thus promotes survival of neurons and all glial cells in the brain by blocking the effects of pro-apoptotic cytokines and by promoting expression of cell survival signals ([@R25]). IL-10 also inhibits inflammation via three major pathways including reducing synthesis of proinflammatory cytokines, suppressing cytokine receptor expression, and inhibiting receptor activation, Zhou *et al* ([@R26]). By attention to the hypothesis of the imbalance between the family cytokines produced by Th1 and Th2, it is rational that any agents that could restore the ratio balance of Th1/Th2 might be a suitable choice for therapy in MS, Eikelenboom *et al* ([@R2]). In this regard, it is shown that certain drugs for MS such as IFN-β act via rebalancing of TNF-α and IL-10 ([@R24]).

During the last decade the role of vitamin D3 as therapy or prophylaxis of MS revived more attention, epidemiological study showed the correlation between prevalence and the incidence of MS with the geographical location and diet. Low exposure to sun light and diet with low vitamin D3 leads to increase the rate and severity of MS. Now we know that D3 not only easily passes the blood-brain barrier but also is produced by nervous system constituent cells, Garcion *et al* ([@R26]). Vitamin D3 exerts molecular and behavioral effects on various neuronal and non-neuronal cells that expressing its receptor, VDR. These observations confirmed that during ongoing EAE, D3 might display both immunomodulatory and neurological effects and limiting the disease ([@R26]). How vitamin D3 shows such ability is not known well. However, there are some hypotheses that show the mechanisms that vtamin D may act. Vitamin D has general immunomodulatory and anti-inflammatory effects not only by reducing DCs, Th1, Th17, B-cell proliferation and proinflammatory cytokines but also by promoting Th2 phenotype, anti-inflammatory cytokines. Vitamin D also re-equilibrates the balance between Th1 and Th2 cells, resulting in a reduction of inflammation, Cantorna *et al* ([@R27]) and Smolders *et al* ([@R15]). The discovery of VDR in the rat forebrain, hippocampus, cerebellum, brainstem, spinal cord, and perivascular tissue and the discovery of 1a-OHase in cerebellum and cerebral cortex, Van Amerongen *et al* and Zehnder *et al* opened many ways to explain how vitamin D3 could target the neurons ([@R28], [@R29]). Profound alterations in the brain at birth have been demonstrated in rats born from vitamin D3-deficient mothers ([@R30]). Although, Garicon *et al* reviewed the influences of D3 on neurons, oligodendrocyte, as well as astrocytes, the exact pathways of these effects remains to be established ([@R31]). According to their results vitamin D3 seems to be neuroprotective and anti-inflammatory. In vitamin D treated EAE rats, reduced number of infiltrated macrophages in nervous tissue was reported. It seems that vitamin D3 could suppress the trans-endothelial migration of monocytes, Nashold *et al* ([@R32]). They also showed that vitamin D3 could inhibit inflammatory response in MS via activating Rag-1 not by inhibiting Th1 response.

Muthian *et al* ([@R33]) suggested the same role for vitamin D3 to modulate Th1 response throughout inhibiting JAK-STAT signaling transfer pathway. Despite some known or postulated mechanisms of vitamin D3 on EAE model of MS or MS it seems that the behavior of D3 regarding different cytokines of Th1 or Th2 are different. For example, based on our results, IL-4 increased not significantly in EAE animals following vitamin D administration, although it is not near to the desirable therapeutic level for IL-4 as an anti-inflammatory, it showed the possible optimum effects of vitamin D3. Comparing our results with studies of Nashold *et al* ([@R34]) that showed the increasing level of IL-4 in EAE animals treated by vitamin D3, we assume the tissue of study, dose of vitamin D3 and the method of administration could be the matter of difference. Also similar to our result, Mosayebi *et al* ([@R35]) reported IL-10 increased after injection vitamin D3 in EAE model. We also found that the level of the TNF-α significantly decreased following vitamin D3 administration. It is possible that vitamin D3 playsan important role to enhance the effects of Anti-inflammatory cytokines.

Regarding our results for sesame oil as vehicle we found the effectiveness which agreed with the results reported by Ghazavi *et al* ([@R36]). The exact mechanisms of the vehicle are not established yet, although they believed on the role of sesame oil on reducing activity of Th1 or inducing Th2. We are not sure on this mechanism, so we suggest using other vehicle to exclude the effects of sesame oil. Further study needs to focus on the mechanism of sesame oil effectiveness.

With attention to immunoinflammatory basis of the beginning of the disease, the above mechanisms, if not completely, to some extent could explain the onset of MS. However, the continuation and progression of disease is mainly neurodegenerative i.e. demyelination of certain area of central nervous system. The histological findings of our research confirmed the same findings reported by the others. In fact the immunoinflammatory process leads to the destruction of myelin ([@R37]). It is not clear whether the variety of the structure of myelin in CNS including its proteins could affect this process or not and needs more research. Putting these together it is logical that any intervention could be able to cease or decrease the rate of first step of disease i.e. immunoinflammatory part, also could stop the later step or neurodegenerative part.

Conclusion
==========

Based on our findings vitamin D3 should consider in prophylaxis for the high- risk population.

The present research work was done in Basic Science Lab, Department of Medical Basic Sciences Faculty of Allied Medicine of Iran University of Medical Sciences, Tehran, Iran.

![Luxol Fast Blue staining that was used for rate of demyelination showed significant differences among groups including control (A), EAE (B), EAE + sesame oil and EAE + Vitamin D3. Demyelination area showed by dots. Control is 3.08±0.67](IJBMS-17-785_F1){#F1}

![Histogram of demyelination in corpus callosum showed significant difference between EAE and EAE+ sesame oil and EAE + Vitamin D3. The difference between EAE + vitamin D3 and EAE + sesame oil is not significant](IJBMS-17-785_F2){#F2}

![Histogram of the Th1/Th2 ratio, higher ratio was seen in EAE comparing with other groups](IJBMS-17-785_F3){#F3}

![Level of cytokines in trial and experimental groups, IL-10 in EAE significantly decreased comparing with control, for two other groups (EAE-sesame oil) and (EAE-vitamin D3) this level increased. Level of TNF-α showed decreased after using therapy](IJBMS-17-785_F4){#F4}

![mRNA expression fold change in inflammatory genes of EAE mice with REST software increase vs. anti-inflammatory genes. The result reversed after treatment](IJBMS-17-785_F5){#F5}

###### 

Nucleotides sequence of the forward and reverse primers for the RT-PCR

  Cytokines                                          Forward                        Reverse
  -------------------------------------------------- ------------------------------ --------------------------------
  Necrosis Factor ( TNF-α)                           5'- GCCCACGTCGTAGCAAACC -3'    5'- GTCTTTGAGATCCATGCCGTTG -3'
  Interleukin-10 (IL-10)                             5'- GCGCTGTCATCGATTTCTCC -3'   5'- TGGCCTTGTAGACACCTTGG -3'
  Interleukin-4 (IL-4)                               5'- GTCACAGGAGAAGGGACGC -3'    5'- AAGCACCTTGGAAGCCCTAC -3'
  Interleukin-12(IL-12) subunit beta                 5'- TGTCGCTAACTCCCTGCATC -3'   5'- CTGAGGACACATCCCACTCC -3'
  Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH)   5'- TTGTGCAGTGCCAGCCTC -3'     5'-CAACAATCTCCACTTTGCCACT -3'

###### 

Expression of mRNA analyzed by REST software

  Group                              IL-4    IL-10   IL-12   TNF-α                                                       
  ---------------------------------- ------- ------- ------- ------- ------- ------ ------- ------- ---- ------- ------- ------
  *Brain Control- EAE*               0.831   0.682           0.589   0.045   DOWN   2.387   0.023   UP   6.052   0.004   UP
  *Brain Control - EAE+Sesame oil*   2.136   0.056           1.803   0.01    UP     2.334   0       UP   1.31    0.317   
  *Brain Control - EAE+vitamin D3*   1.225   0.579           0.951   0.851          1.625   0.172        2.103   0.008   UP
  *Brain EAE - EAE+ vitamin D3*      1.474   0.269           1.613   0.176          0.681   0.117        0.347   0.004   DOWN
  *Brain EAE- EAE+ Sesame oil*       2.571   0.041   UP      3.058   0.01    UP     0.978   0.914        0.217   0       DOWN
  *Brain Oil - EAE+ Sesame oil*      1.063   0.877           0.782   0.59           2.301   0.018   UP   1.556   0.189   
  *Brain D3 - EAE+ vitamin D3*       0.706   0.05    DOWN    0.459   0.261          2.028   0.111        4.077   0.007   UP

Exp is related to mRNA expression, P(H1) shows Pv, and Result is correlated with decrease or increase in gene expression. UP: upregulation, DOWN: down-regulation
